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(5)  Introduction 

Increasing  evidence  suggests  that  breast  cancer  risk  is  determined  early  in  life.  However,  use  of 
mammography  as  a  sereening  method  is  contraindieated  in  young  women  and  girls  beeause  the  risk  of  X-ray 
exposure  outweighs  potential  benefits  in  that  age  group.  In  eontrast,  Dual  Energy  X-ray  Absorptiometry  (DXA) 
has  extremely  low  radiation  and  is  eommonly  available.  The  rationale  of  this  projeet  is  that  predictors  of  breast 
eancer  risk  may  be  observed  during  pubertal  development  in  girls.  Our  hypotheses  are  as  follows: 

1 .  DXA  imaging  can  provide  a  valid  assessment  of  breast  density  in  adult  women  and  in  young  girls. 

2.  DXA  assessed  breast  density  is  associated  with  indicators  of  pubertal  maturation  and  with  known  breast 
eaneer  risk  faetors. 

3.  Due  to  its  strong  genetic  component,  breast  density  obtained  from  the  DXA  scans  is  correlated  between 
mothers  and  adolescent  daughters. 

The  speeific  aims  of  this  project  among  adult  women  and  adolescent  girls,  who  will  be  reeruited  as 
mothers  and  daughters,  are  to: 

1 .  Correlate  breast  density  measured  by  DXA  with  mammographic  density  among  adult  women. 

2.  Compare  the  assoeiation  of  known  breast  eaneer  risk  factors  with  breast  density  from  DXA  scans  to  their 
assoeiation  with  mammographic  density. 

3.  Assess  DXA  breast  density  by  Tanner  stage  of  breast  maturation  among  adoleseent  girls. 

4.  Relate  DXA  breast  density  to  other  observable  measures  of  pubertal  maturation  (e.g.,  height  and  menarehe). 

5.  Examine  the  relation  between  breast  density  measured  by  DXA  in  mothers  and  daughters. 

We  aim  to  recruit  a  total  of  100  adult  women  with  daughters  between  8-16  years  of  age.  Based  on  the 
ethnic  distribution  of  Hawaii’s  population,  we  expect  that  approximately  half  of  the  study  subjeets  will  be  of 
Asian  (primarily  Japanese,  Chinese,  and  Eilipino)  and  Paeific  Islander  descent. 

(6)  Body 

During  this  year,  we  have  accomplished  the  following  tasks  as  outlined  in  the  approved  Statement  of  Work. 

Task  1.  Study  plan  and  procedures. 

Task  l.a.  Study  manual.  We  prepared  a  study  protoeol  describing  our  recruitment  strategy  with  Kaiser 
Permanente.  After  Kaiser  IRB’s  review  and  in  consultation  with  the  Clinical  Research  Center  at  the  University 
of  Hawaii  where  the  DXA  seans  are  performed,  we  made  a  few  modifieations  to  the  protocol  as  requested.  One 
was  to  perform  a  urine  pregnancy  test  on  all  participants  including  all  daughters  and  to  indieate  in  the 
eonsent/assent  forms  that,  if  the  test  is  positive,  a  further  follow-up  by  a  doctor  is  needed  to  eonfirm  the  positive 
test  result.  If  the  daughter  is  under  14  years  old,  a  positive  pregnaney  test  result  will  be  given  to  her  mother.  If 
the  daughter  is  14  years  or  older,  the  test  results  will  be  released  only  to  her.  Assenting  proeess  with  the 
daughter  will  be  conducted  in  private  and  separate  from  the  consenting  process  with  her  mother.  We  also  added 
to  the  protocol  that  we  mail  a  study  packet  containing  the  consent/assent  forms  and  the  Study  Questionnaire  to 
all  participants  prior  to  their  scheduled  visits  for  a  thorough  review. 

We  began  recruiting  participants  in  the  second  half  of  this  year.  Subsequently,  we  made  a  modifieation 
to  the  study  protocol  to  allow  participation  of  mothers  and  daughters  who  were  not  Kaiser  members  but 
biologically  related.  We  had  a  case  in  which  an  eligible  woman  had  a  biologieal  daughter  who  was  not  a  Kaiser 
member  (not  eovered  by  her  mother’s  health  plan).  We  antieipate  the  same  could  happen  to  eligible  daughters 
whose  biological  mothers  are  not  a  Kaiser  member.  Thus,  allowing  these  mothers  and  daughters  to  participate 
will  expand  our  potential  partieipant  pool  and  enhance  our  recruitment  efforts.  If  the  biologieal  mothers  are  not 
Kaiser  members,  an  additional  Mammogram  Release  Authorization  Eorm  will  be  signed  to  aecess  their 
mammogram  films  at  non-Kaiser  clinics/hospitals. 

Eurthermore,  we  added  a  partieipant  weight  limit  of  300  pounds  beeause  the  DXA  maehine  eannot 
perform  a  body  scan  beyond  this  weight  limit.  Due  to  eoncerns  by  the  Kaiser  IRB,  the  lower  age  limit  for  girls 
was  raised  to  10  years.  These  modifications  have  been  reported  to  and  approved  by  all  three  IRBs:  the  U.S. 
Army  Medical  Research  and  Material  Command,  the  University  of  Hawaii  Committee  on  Human  Subjects,  and 
Kaiser  Permanente. 

Task  l.b.  Subcontracts.  Subcontracts  have  been  established  with  the  University  of  California  at  San  Erancisco 
(UCSE)  and  with  Kaiser  Permanente  Hawaii. 
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Task  l,c.  DXA  procedures.  The  DXA  Operator’s  Manual  was  prepared  by  a  researeh  staff  member  at  UCSF 
Breast  Bone  Density  Group  (BBDG);  it  ineludes  step-by-step  deseription  of  DXA  sean  proeedures,  as  well  as 
instruetions  on  how  to  send  DXA  scan  images  to  UCSF  BBDG.  The  same  staff  member  came  to  Hawaii  to  train 
the  x-ray  technician  at  the  Clinical  Research  Center  in  operating  the  Lunar  Prodigy  DXA  Bone  Densitometer 
(DF-H 12484)  in  a  research  mode  specified  for  the  current  study  and  performing  DXA  scans  of  the  breast  and  a 
custom  phantom  developed  by  USCF  BBDG. 

Task  l.d.  Plan  recruitment  strategy  with  Kaiser.  Recruitment  strategies  were  developed  with  Kaiser  based 
on  our  previous  successful  projects  with  girls  and  adult  women.  We  made  a  modification  previously  described 
in  Task  l.a.  Updated  strategies  are  described  in  the  approved  Study  Protocol. 

Task  l.e.  Train  DXA  technician.  A  licensed  x-ray  technician  at  the  Clinical  Research  Center,  University  of 
Hawaii,  was  trained  in  performing  DXA  scans  as  described  in  Task  l.e.  After  several  study  meetings  with  staff 
from  CRCH  and  Kaiser  to  train  all  personnel  in  study  procedures,  a  number  of  trial  sessions  with  volunteers 
were  conducted  and  the  correct  DXA  scanning  procedures  were  practiced  by  the  technician  while  the  study 
coordinators  observed  the  process  and  made  suggestions  on  how  to  obtain  images  of  optimal  quality. 

Task  l.f.  Establish  study  database.  A  password-protected,  study  database  was  created  by  research  personnel 
at  the  Cancer  Research  Center  using  Microsoft  Excel  2003  to  enter  participants’  data  by  study  ID  number;  it 
will  contain  demographic  data,  health  and  menstrual/reproductive  information,  anthropometric  measures,  and 
Tanner  stages  for  girls.  This  database  will  be  merged  with  mammographic  and  DXA  scan  data  after  completion 
of  the  data  collection  from  all  100  participant  pairs. 

Task  l.g.  Purchasing  study  supplies.  Pregnancy-test  kits  were  purchased  from  Fisher  Scientific  and  R. 
Weinstein,  Inc.  Gift  cards  for  the  participants  were  purchased  from  Ala  Moana  Shopping  Center.  Encrypted 
USB  memory  drive  and  recordable  CDs  were  purchase  from  Office  Depot  to  be  used  for  the  shipment  of  DXA 
scan  data  to  UCSE  BBDG. 

Task  2.  Subject  recruitment.  Erom  the  Kaiser  membership  database,  women  who  had  received  a  mammogram 
during  the  last  year  and  had  a  daughter  aged  10-16  years  were  identified.  This  year,  a  total  of  424  invitation 
letters  were  mailed  to  eligible  women  and  their  daughters.  In  compliance  with  privacy  regulations,  Kaiser 
Permanente  sent  out  the  invitations  that  contain  a  postage-paid  return  envelope.  Upon  receipt  of  the  return 
envelop  from  interested  members,  a  trained  Kaiser  research  staff  member  made  prescreening  phone  calls  to 
explain  the  study,  screen  for  eligibility,  and  schedule  a  study  visit.  Nineteen  mother-daughter  pairs  plus  one 
additional  daughter  have  been  recruited  for  the  study  by  June  2008.  We  project  to  complete  recruitment  of  the 
remaining  8 1  mother-daughter  pairs  within  the  next  year. 

Task  3.  Conduct  study  visits.  Study  visits  were  conducted  by  trained  research  staff  members  at  the  Clinical 
Research  Center  including  a  licensed  x-ray  technician.  These  staff  members  were  trained  in  explaining  the  study 
procedures,  performing  final  eligibility  check,  obtaining  informed  consent/assent,  administering  the  study 
questionnaire,  and  collecting  anthropometric  measurements.  In  addition,  the  x-ray  technician  had  previously 
been  trained  in  conducting  Tanner-stage  assessments  of  pubertal  development  (breast  and  pubic  hair),  and  has 
performed  the  assessments  of  all  20  girls  participated  in  our  study  this  year. 

Task  4.  Perform  DXA  scans.  A  licensed  x-ray  technician  who  received  training  for  this  study  as  described 
previously  in  Task  l.e.  performed  scans  of  the  whole  body  and  breasts  on  a  Eunar  Prodigy  DXA  Bone 
Densitometer  (DE-l-12484).  DXA  scans  were  obtained  from  all  participants.  Scanned  images  were  saved  on  a 
password-protected  USB  memory  drive  each  day  as  directed  by  the  DXA  Operator’s  Manual.  At  the  end  of 
each  month,  these  images  were  burned  to  a  CD,  protected  by  password,  and  mailed  to  UCSE  BBDG  via  EedEx 
by  the  project  coordinator. 


5 


Task  5.  Perform  Breast  Density  Analysis.  We  plan  to  proceed  with  this  task  in  2009  after  completion  of  data 
collection  from  all  100  mother-daughter  pairs  next  year. 

Task  6.  Data  Management  and  Analysis.  All  current  participants”  data  collected  during  the  study  visits  have 
been  entered  in  the  study  database  by  the  project  coordinator  at  the  Cancer  Research  Center.  This  includes 
demographic  data,  health  and  menstrual/reproductive  information,  anthropometric  measures,  and  Tanner  stages 
for  girls.  The  mean  age  of  the  mothers  was  48.4±4.1  years,  and  that  of  the  daughters’  was  13.6±1.7  years.  Self- 
reported  ethnicities  (Table  1)  reflect  the  diverse  population  of  Hawaii. 


Table  1.  Descriptive  Statistics  of  Current  Participants 


Participant 

N 

Mean  Age±SD 

Self-reported  Ethnicity 

Mother 

19 

48.4±4.1 

9  Asian  (6  Japanese,  2  Chinese,  1  Filipino) 

6  White 

1  Black 

1  Native  Hawaiian 

1  Native  American 

1  Other 

Daughter 

20 

13.6±1.7 

8  Asian  (7  Japanese,  1  Chinese) 

6  White 

4  Native  Hawaiian 

2  Black 

(7)  Key  Research  Accomplishments  None  to  date. 

(8)  Reportable  Outcomes  None  to  date. 

(9)  Conclusions 

This  year,  we  established  study  procedures  and  obtained  human  subjects  approval  from  the  University  of 
Hawaii,  Kaiser  Permanente  Hawaii,  the  University  of  California  at  San  Francisco,  and  the  Department  of 
Defense.  The  efforts  to  create  one  study  protocol  acceptable  to  all  institutions  consumed  several  months.  Input 
from  the  Clinical  Research  Center  at  the  University  of  Hawaii  where  the  DXA  scans  are  performed  was  also 
incorporated  into  the  study  protocol.  Each  additional  change  that  had  to  be  submitted  to  all  IRBs  delayed  the 
study  for  a  number  of  weeks.  As  to  the  actual  study,  we  created  a  study  database,  trained  study  personnel, 
purchased  all  necessary  supplies,  created  a  data  transfer  protocol  with  the  University  of  California  at  San 
Francisco,  and  proceeded  with  the  recruitment  of  the  study  subjects. 

By  June  17,  we  had  recruited  20%  of  the  total  participants  so  far.  We  project  to  recruit  the  remaining  80% 
(8 1  mother-daughter  pairs)  and  complete  data  collection  by  the  end  of  next  year.  We  experienced  a  lower-than- 
expected  response  rate  from  Kaiser  members  (4.5%  vs.  10%)  this  year.  Thus,  we  may  need  to  make  further 
modifications  to  our  recruitment  strategy  to  improve  our  recruitment  efforts. 

Composition  of  the  current  participants  represents  the  multiethnic  population  of  Hawaii.  Upon 
completion,  this  study  will  generate  pilot  data  on  the  DXA  scan  in  mother-daughter  and  provide  more 
information  about  the  heritable  aspects  of  breast  density  from  a  diverse  population.  Moreover,  the  current  study 
will  develop  a  technique  that  will  provide  a  unique  tool  to  screen  for  breast  cancer  risk  in  early  life  and  aid  in 
developing  prevention  strategies. 

(10)  References  None  cited 

(11)  Appendices  We  recently  published  a  paper  describing  the  results  of  a  pilot  study  that  led  to  the  current 
project:  Shepherd  JA,  Maikov  S,  Fan  B,  Laidevant  A,  Novotny  R,  Maskarinec  G.  Breast  Density  Assessment  in 
Adolescent  Girls  using  DXA:  A  Feasibility  Study.  Cancer  Epidemiology,  Biomarkers,  and  Prevention  2008;17:1709-13. 
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Abstract 

Breast  density,  the  radiographically  opaque  fraction  of 
the  breast  in  a  mammogram,  is  one  of  the  strongest 
biomarkers  of  breast  cancer  risk.  However,  younger 
populations  do  not  typically  have  mammograms  due  to 
radiation  concerns.  This  study  explored  a  commercially 
available  dual-energy  X-ray  absorptiometer  (DXA)  sys¬ 
tem  as  a  low-dose  method  to  measure  breast  fibrogland- 
ular  density  in  adolescent  girls.  Eighteen  girls  (13-14 
years  old)  indicated  their  breast  development  according 
to  Tanner  and  underwent  three  dedicated  DXA  scans, 
two  of  their  left  and  one  of  their  right  breasts.  Total 
projected  breast  area  was  manually  delineated  on  each 
image  and  percent  fibroglandular  volume  density 
(%FGV),  absolute  fibroglandular  volume  (FGV),  total 
breast  area,  and  volume  were  computed.  It  was  possible 


Introduction 

Breast  density,  measured  as  the  ratio  of  radiographically 
dense  tissue  area  to  the  total  breast  area  in  a  mammo¬ 
gram,  has  been  shown  in  numerous  studies  to  be  one  of 
the  strongest  biomarkers  of  breast  cancer  risk  (1).  Breast 
density  is  also  correlated  with  other  histologic  features 
related  to  increased  breast  cancer  risk  (2).  Women  in 
mammography  screening  populations  with  high  breast 
density  (the  top  25%  of  the  density  distribution)  are  at 
three  to  four  times  higher  risk  of  developing  breast 
cancer  compared  with  women  with  low  breast  density 
(the  lower  25%  of  the  density  distribution;  ref.  3).  Given 
that  there  is  a  great  need  for  surrogate  markers  to  predict 
breast  cancer  risk  to  test  promising  preventive  treat¬ 
ments,  measures  of  breast  density  have  the  potential  to 
be  powerful  predictors  of  cancer  risk.  To  date,  breast 
density  has  not  been  used  for  individual  risk  prediction 
but  can  be  measured  with  mammograms,  using  either  a 
semiquantitative  classification  system  [Wolfe  criteria  (4) 
or  BIRADS  scores  (5)],  or  as  percent  density,  which  is  the 
ratio  of  the  area  of  mammographically  dense  breast 
relative  to  the  total  projected  breast  area  in  a  mammo- 
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to  image  breasts  representing  all  five  Tanner  stages; 
%FGV  ranged  from  31.9%  to  92.2%  with  a  mean  of  71.1  + 
14.8%,  whereas  FGV  ranged  from  80  to  270  cm^  with  a 
mean  of  168  ±  54  cm^.  Feft  and  right  breast  %FGV  were 
highly  correlated  (fp  =  0.97,  P  <  0.0001)  and  of 
the  same  magnitude  (P  =  0.18).  However,  left  total 
volume  and  FGV  were  larger  than  the  right  by  38  cm^ 
(P  =  0.04)  and  19  cm^  (P  =  0.02),  respectively.  Total 
volume  and  FGV  increased  by  Tanner  stage,  whereas 
%FGV  did  not.  Our  method  had  excellent  precision 
for  %FGV  and  moderate  precision  for  FGV  (root 
mean  square  SDs  of  2.4%  and  16.6  cm^).  These  pilot 
data  indicate  that  dedicated  DXA  breast  scans  may 
be  useful  in  studies  exploring  breast  density  in  girls. 
(Cancer  Epidemiol  Biomarkers  Prev  2008;17(7):1709-13) 


gram  (6,  7).  However,  these  methods  quantify  density  as 
a  projected  area  and  only  use  two-dimensional  image 
information.  Kopans  (8)  pointed  out  that  there  can  be 
substantial  error  when  measuring  a  three-dimensional 
property,  like  breast  density,  with  a  two-dimensional 
method.  Thus,  we  approached  the  measure  of  breast 
density  using  the  technique  dual-energy  X-ray  absorpti¬ 
ometry  (DXA),  which  has  the  capability  to  measure  the 
volume  and  mass  of  dense  tissue.  DXA  is  a  low-dose 
quantitative  method  first  developed  for  measuring  bone 
density  and  mass  to  diagnose  osteoporosis.  However, 
the  technique  is  also  widely  used  to  assess  whole  body 
soft  tissue  composition  as  percent  fat  mass.  DXA  systems 
operate  at  much  higher  X-ray  tube  voltage  settings 
than  standard  mammography  (70-140  versus  <40  kVp, 
respectively),  yet  lower  in  patient  dose  because  it  is  used 
to  quantify  mass  over  large  areas.  DXA  is  commonly 
used  to  measure  whole  body  percent  fat  and  bone  mass 
in  pediatric  studies  (9).  We  developed  a  dedicated  breast 
DXA  scan  protocol  that  exposes  subjects  to  an  ~  10  times 
lower  dose  than  a  single  mammogram  (15  pSv  for  a 
breast  DXA  versus  150  gSv  for  a  screening  mammogram; 
ref.  10). 

We  have  previously  reported  on  recalibration  of  a 
DXA  system  to  measure  percent  breast  fibroglandular 
density  and  quantified  the  precision  of  accuracy  in 
excised  cadaver  breasts  (11)  and  in  a  small  population 
of  women  (12).  Our  earlier  findings  showed  that  the  DXA 
measures  are  very  precise  with  repeatability  of  the 
percent  fibroglandular  volume  (%FGV)  to  2%.  However, 
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there  is  great  interest  in  studying  cancer  biomarkers  in 
early  life,  such  as  breast  density  in  girls.  Little  is  known 
about  when  a  girl  reaches  her  peak  breast  density  and 
how  density  relates  to  genetics  and  early  life  habifs  such 
as  dief.  In  fhis  article,  we  reporf  on  fhe  characferistics 
of  our  DXA  mefhod  fo  measure  breast  fibroglandular 
density  in  adolescent  girls  at  different  pubertal  stages  of 
breast  development. 


Materials  and  Methods 

Subjects.  Eighteen  girls  (13-14  years  old)  were 
recruited  as  a  convenience  sample  from  fhe  Adequate 
Calcium  Today  study  (13),  a  multisite  trial  that  examined 
the  influence  of  a  multimedia  intervention  on  calcium 
intake  and  bone  health  of  sixth  grade  girls  (principal 
investigator:  D.  Savaiano).  These  subjects  underwent  a 
full-body  DXA  scan  and  consenfed  fo  be  recontacfed. 
Therefore,  fhe  girls  and  fheir  families  were  familiar  with 
DXA  scans  and  understood  the  very  low  level  of 
exposure  to  radiation.  The  project  was  approved  by  the 
Committee  on  Human  Studies  at  the  University  of 
Hawaii  and  by  fhe  Institutional  Review  Board  of  Hawaii 
Pacific  Health,  where  the  DXA  machine  is  located.  All 
girls  signed  an  assent  form  and  fheir  parents  signed 
an  informed  consenf  form.  After  weight  and  height 
measurements  and  confirming  the  absence  of  pregnancy 
by  a  urine  fesf,  participants  underwent  two  dedicated 
DXA  scans  of  their  left  breast  and  one  of  fheir  right 
breast. 

DXA  Data  Acquisition.  All  scans  were  acquired  using 
the  research  scan  protocol  and  software  version  9.3  on  a 
GE  Lunar  Prodigy  Bone  Densitometer  (GE  Healthcare). 
The  scan  options  were  set  to  research  mode,  standard 
X-ray  technique,  and  scan  width  equal  to  20  cm  and 
length  of  30  cm.  The  pixel  dimensions  were  1.0  x  1.5  mm^. 
Affer  removing  all  clofhing,  and  wearing  cotton  hospifal 
gowns,  the  participants  were  positioned  for  dedicated 
decubitus  mediolateral  scanning  of  each  breasf.  Eor 
imaging  the  left  breast,  the  girls  lay  on  their  left  side 
with  their  left  arm  resting  below  their  head.  Their  left 
breast  rested  on  the  DXA  surface  and  fheir  righf  hand 
was  used  to  hold  their  right  breast  out  of  the  DXA 
scanning  path.  Standard  radiolucent  positioning  wedges 
were  used  to  support  their  back  as  well  as  the  left  breast 
to  put  the  nipple  in  profile.  The  gown  was  pulled  fo  lay 
smoofhly  over  fhe  image  area  wifh  few  folds.  No  breast 
compression  was  used.  Each  scan  was  manually  stopped 
after  scanning  the  entire  breast  length  to  minimize  dose. 
After  scanning  the  left  breast,  the  girls  were  asked  to  roll 
over  and  were  repositioned  to  scan  the  right  breast. 
Lastly,  the  subjects  were  asked  to  get  up  and  off  the  DXA 
machine,  and  then  to  remount  the  DXA,  when  they 
were  repositioned  for  a  second  DXA  scan  of  the  left 
breast.  The  repositioning  was  to  simulate  the  differences 
thaf  would  occur  between  repeated  examinations.  The 
X-ray  dose  per  breast  scan  was  estimated  to  be  15  |iSv. 
A  single  DXA  technologist  performed  the  DXA  scans  for 
all  parficipanfs. 

Low-energy  and  high-energy  attenuation  images  were 
saved  for  each  scan  using  fhe  options  available  from  GE 
Lunar  for  the  research  scan  mode.  Data  analysis  was 
done  on  the  University  of  California  at  San  Francisco 


Breast  Density  Workstation  (14).  The  scans  were 
calibrated  to  a  two-compartment  model  of  fat  (steric 
acid)  and  fibroglandular  tissue  density  using  a  variety 
of  custom  phantoms  as  described  previously  (11). 
Briefly,  calibration  phantoms  of  a  known  range  of  breasf 
composition  and  fhickness  are  scanned.  A  "ratio  value" 
(R  value)  is  defined  as  fhe  ratio  of  the  low-energy  to 
high-energy  attenuation  for  densify  and  fhickness.  The 
paired  R  value  and  high-energy  attenuation  value  are 
unique  for  each  densify  and  thickness.  We  define  two 
polynomial  frmctions  to  convert  the  R  values  and 
high-energy  attenuations  to  either  %FGV  or  breast 
thickness  for  each  pixel.  The  dense  breasf  volume  in 
pixels  is  the  product  of  fhe  %FGV  and  the  calculated 
volume  of  tissue  in  fhe  pixel  (thickness  x  pixel  area). 
Total  projected  breast  area  was  manually  delineated  on 
each  image  in  a  workstation  with  the  use  of  a  mouse 
as  previously  described  (11).  The  whole  breasf 
densify  (%FGV)  was  compufed  as  the  sum  of  dense 
fibroglandular  volume  (FGV)  in  cubic  centimeters 
divided  by  the  total  breast  volume  (sum  of  all  pixel 
volumes)  times  100. 

For  quality  assurance  purposes  and  to  assess  the 
intrinsic  repeatability  of  the  density  measurements  using 
the  GE  Lunar  Prodigy  DXA  machine,  we  performed 
three  scans  of  the  density  step  phantom  everyday  for 
2  wk.  The  phantom  varied  in  thickness  (2, 10,  and  20  cm) 
and  contained  three  %FGV  values  of  28%,  65%,  and 
100%. 

Tanner  Staging.  All  girls  in  the  study  were  shown  a 
diagram  of  breasf  developmenf  depicting  the  five  Tanner 
stages  (15)  of  breasf  developmenf  (Fig.  1)  and  were  asked 
to  select  their  current  appearance.  This  method  has  been 
shown  to  be  valid  when  compared  with  clinical  staging 
done  by  health  professionals  (16). 

The  five  sfages  describing  the  development  of  the 
breast  by  Tanner  are  as  follows: 

1.  Same  as  in  childhood;  small  elevated  nipple  with  no 
significant  underlying  breast  tissue. 

2.  Breast  buds  become  visible.  There  is  elevation  of  the 
breast  and  nipple  as  a  small  mound;  the  areola 
begins  to  enlarge.  Milk  ducts  inside  the  breast  begin 
to  grow. 

3.  Further  enlargement  and  elevation  of  fhe  breasf  and 
areola  occurs.  The  areola  begins  to  darken  in  color. 
The  milk  ducts  give  rise  to  milk  glands  that  begin  to 
grow. 

4.  The  areola  rises  above  the  rest  of  the  breast  and 
forms  a  secondary  mound. 

5.  Only  fhe  nipple  projects  although  in  some  woman 
the  areola  continues  to  form  a  secondary  mound. 

Statistical  Analysis.  All  data  management  and  anal¬ 
yses  were  done  using  the  SAS  statistical  software 
package,  version  9  (SAS  Institute,  Inc.,  2001).  In  vivo 
repeatability  was  assessed  using  the  repeat  DXA  scans  of 
the  left  breast.  The  repeatability  (precision)  of  the 
measures  was  calculated  as  SD  and  percent  coefficient 
of  variation  (%CV)  for  each  subjecf.  For  a  representative 
precision  value  of  the  population,  we  define  precision 
as  the  root  mean  square  SD  (RMS  SD)  and  root  mean 
square  percent  coefficient  of  variation  (RMS  %CV)  as 
done  commonly  elsewhere  (17). 
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where  SDj  and  CVj  represent  the  values  for  the  7  th 
participant,  and  m  is  the  total  number  of  participants  in 
the  precision  study.  Comparisons  between  left  and  right 
breast  measures  were  done  by  calculating  the  Pearson's 
Correlation  coefficient  (Vp).  Mean  levels  of  breast  total 
volume,  projected  area,  %FGV,  and  FGV  tissue  were 
computed  as  a  function  of  Tanner  pubertal  breast  stage, 
and  the  associations  to  Tanner  stage  described  by  the 
Spearman's  rank  correlation  coefficient  (rg).  The  density 
step  phantom  was  analyzed  using  a  template  of  seven 
regions  of  interest.  The  stability  of  the  DXA  system  was 
determined  by  plotting  the  phantom  results  over  time 
and  checking  for  breaks  in  the  calibration  using  standard 
process  control  methods  and  Shewhart  rules  (18). 


Results 


stage.  Left  and  right  measures  for  %FGV,  FGV,  tofal  area, 
and  total  volume  were  all  highly  correlated  (Table  1). 
Total  breast  volume  and  FGV  are  larger,  on  average,  for 
left  than  for  right  breasts  (P  =  0.04  and  P  -  0.02, 
respectively).  Breast  volumes  (mean  of  right  and  left) 
ranged  from  113  to  670  cm^  with  a  mean  of  254  cm^.  FGV 
ranged  from  80  to  270  cm^  with  a  mean  of  168  ±  54  cm^. 
Percent  FGV  ranged  from  32%  to  92%  with  a  mean 
of  71  ±  14.8%.  Body  mass  index  (BMI)  showed  a 
significant  relation  with  %FGV  (Vp  =  —0.68,  P  =  0.003) 
and  total  volume  (Vp  =  0.56,  P  =  0.02)  but  not  with  FGV 
(P  =  0.95). 

As  shown  in  Fig.  2,  the  total  breast  volume  and  FGV 
increased  significantly  by  Tanner  stage  (P  =  0.003) 
whereas  %FGV  showed  an  inverse  trend  but  was 
not  statistically  significant  (P  =  0.90).  The  respective 
FGV  means  by  Tanner  stage  were  104,  124,  161,  210,  and 
214  cm3. 

The  precision  is  shown  both  as  RMS  CV  and  RMS  SD 
for  %FGV  and  FGV  in  Table  1.  The  RMS  SD  was  2.4% 
for  %FGV  and  16.6  cm^  for  FGV.  These  values  are 
comparable  to  the  phantom  precision  values  that  ranged 
from  1.5%  (10  cm  in  thickness  and  100%  composition) 
to  2.4%  (2  cm  in  thickness  and  28%  composition).  There 
were  no  observed  changes  in  the  systems  calibration 
over  time  observed  from  the  density  step  quality  control 
phantom. 


This  study  included  18  girls  of  ages  13  fo  14  years.  Of 
these,  11  reported  Japanese  ancestry,  3  were  mixed 
Japanese/ Chinese,  2  were  Chinese,  and  1  each  reported 
Filipina  and  Korean  ethnicity.  All  girls,  except  one, 
had  reached  menarche.  The  mean  body  weight  was 
47.4  +  7.1  kg.  The  breast  development  in  the  girls  was 
classified  into  the  following  Tanner  sfages:  one  as  stage  1, 
three  as  stage  2,  eight  as  stage  3,  five  as  stage  4,  and  one 
as  stage  5. 

The  DXA  images  showed  the  breast  tissue  separate 
from  the  pectoral  muscle  and  rib  cage.  Flowever,  there 
was  not  much  detail  in  the  fibroglandular  tissue.  Figure  1 
shows  typical  scans  as  a  function  of  Tanner  pubertal 


Discussion 

Our  pilot  study  to  test  the  feasibility  of  using  a  standard 
bone  densitometer  to  capture  images  of  adolescent  girls 
(Fig.  1)  found  that  it  was  possible  to  image  all  Tanner 
stages  and  that  breast  volume  and  FGV  density  were 
related  to  Tanner  stages.  The  total  and  dense  volumes  of 
the  breast  increased  by  Tanner  stage,  whereas  we  found 
no  relation  between  %FGV  and  Tanner  stage.  Flowever, 
we  only  had  one  girl  with  Tanner  1  and  Tanner  5.  Thus, 
our  ability  to  make  definitive  statements  about  density 
and  pubertal  development  was  limited. 


Figure  1.  Breast  pubertal  stages  according  to  Tanner  with  the  corresponding  DXA  image.  The  total  breast  area  is  shown  as  the  largest 
region  of  interest  around  the  breast  (blue). 
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Table  1.  Summary  of  DXA  measures  for  left  and  right  breasts 

Breast  measure 

Mean  (min,  max) 

Difference 

r  * 

RMS  %CV  (RMS  SD) 

Total  volume,  left  (cm^) 

272.3  (121.0,  817.9) 

38^ 

0.91^ 

12.2  (30.7) 

Total  volume,  right  (cm^) 

234.0  (104.2,  522.3) 

Total  area,  left  (cm^) 

34.8  (16.5,  83.4) 

4.2^ 

0.86^ 

8  (3.7) 

Total  area,  right  (cm^) 

30.6  (13.8,  54.7) 

FGV,  left  (cnr) 

177.8  (85.7,  287.1) 

19^ 

0.85^ 

12.2  (15.8) 

FGV,  right  (cm^) 

158.8  (75.1,  292.9) 

%FGV,  left 

70.5  (32.5,  91.4) 

-1.3 

0.97 

N/A*  (2.4) 

%FGV,  right  71.7  (31.2,  92.2) 


’^Pearson's  correlation  coefficient. 
tP  <  0.05. 

t  Note  that  taking  the  percent  of  a  percent  value  is  not  standard  practice. 


The  repeatability  was  high  for  %FGV  (2.5%)  but  only 
moderate  for  FGV  (12%).  In  our  previous  work  with 
women,  we  found  the  repeatability  of  %FGV  from 
similar  DXA  scans  to  be  1.2%  (14).  We  believe  that  some 
of  this  difference  in  precision  between  girls  and  women 
to  be  breast  size,  but  we  plan  to  further  develop  and 
standardize  subject  positioning  and  automated  outlining 
of  the  breast  area  to  improve  the  precision  on  girls.  A 
sign  of  overall  accuracy  was  that  the  percentage  of  fat 
using  the  GE  Lunar  DXA  analysis  was  highly  correlated 
with  the  breast  phantom  percentage  fibroglandular 
density  reported  by  the  phantom's  manufacturer  (r  >0.998). 

BMI  was  inversely  correlated  to  %FGV.  Other  studies 
have  also  found  breast  density  measured  from  mammo¬ 
grams  inversely  corrected  to  BMI  for  postmenopausal 
women  (19).  However,  the  correlation  of  BMI  and  breast 
density  has  not  precluded  breast  density  as  an  indepen¬ 
dent  risk  factor.  Barlow  showed  in  a  multivariate  model 
that  BMI  and  breast  density  were  both  strongly  associ¬ 
ated  with  breast  cancer  in  postmenopausal  women  (20). 
After  controlling  for  breast  density,  breast  cancer  risk 
was  47%  higher  for  women  with  a  BMI  of  >35  when 
compared  with  women  with  a  BMI  of  <25.  At  the  same 
time,  the  risk  association  to  breast  density  was  3-fold 
higher  for  women  in  the  highest  breast  density  category 
compared  with  the  lowest. 

These  results  are  comparable  to  the  DXA  study  among 
17  women  (14)  that  also  reported  a  high  correlation  for 
left  and  right  measures.  We  found  the  left  breasts  to  be, 
on  average,  higher  in  total  volume  and  FGV  than  the 
right  breasts.  This  is  consistent  with  the  findings  in 
women  thaf  left  breasts  are  larger  in  general  (21). 
Hussain  et  al.  (22)  found  thaf  fhe  average  difference 
was  39.7  cm^  in  22  women  using  a  magnetic  resonance 


□  Tanner  1 
□Tanner  2 
□Tanner  3 
□Tanner  4 
□Tanner  5 


Figure  2.  Mean  breast  density  measures  by  Tanner  stage. 


imaging  technique.  Interestingly,  we  observed  a  differ¬ 
ence  of  38  cm^  although  our  sample  was  very  small.  A 
lower  percentage  density  with  larger  breasts  is  consistent 
with  the  findings  in  women;  on  average,  larger  breasts 
have  more  fatty  tissue  and  lower  percent  density  (23). 
The  increase  in  FGV  with  Tanner  stage  is  also  consistent 
with  developing  breasts,  although  our  study  was  limited 
by  few  girls  in  the  Tanner  1  and  Tanner  5  categories. 

We  also  showed  in  this  study  that  our  DXA  breast 
scanning  technique  is  generalizable  across  DXA  hard¬ 
ware.  This  study  was  done  on  a  GE  Prodigy  whereas  our 
previous  work  was  on  a  Hologic  Delphi/ A.  However, 
the  analysis  algorithms  and  calibration  standards  were 
the  same.  Thus,  we  would  expect  indistinguishable 
results  if  the  present  study  were  to  be  reproduced  on  a 
Hologic  system. 

Although  these  preliminary  findings  look  promising, 
data  on  a  larger  sample  of  girls  and  a  more  thorough 
understanding  of  breasf  density  are  necessary  before 
DXA  scanning  can  be  applied  in  longitudinal  or  inter¬ 
vention  studies.  A  method  to  monitor  breast  composition 
in  young  women  and  girls  is  currently  not  available 
because  the  risk  of  X-ray  based  mammograms  outweighs 
potential  benefits  in  that  age  group  (24).  Novel  techni¬ 
ques  to  obtain  images  of  the  developing  breast  are  also 
of  inferest  because  there  is  an  interest  to  develop  low- 
radiation  methods  for  adult  women  to  monitor  breast 
density  for  individualized  risk  prediction  (25).  Magnetic 
resonance  imaging  has  been  suggested  as  useful  for 
breast  density  measurements  in  young  women  (26,  27) 
and  is  currently  being  used  in  studies  involving  young 
women.  However,  DXA  has  many  advantages  over 
magnetic  resonance  imaging  or  mammography;  It  is 
widely  available,  inexpensive  compared  with  magnetic 
resonance  imaging,  already  a  commonly  used  and 
accepted  measure  for  whole-body  and  regional  soft 
tissue  composition,  does  not  entail  breast  compression, 
gives  results  that  are  objectively  interpreted,  and  uses  an 
X-ray  dose  10  times  lower  than  mammography  (11). 


Disclosure  of  Potential  Conflicts  of  Interest 

No  potential  conflicts  of  interest  were  disclosed. 


Acknowledgments 

The  costs  of  publication  of  this  article  were  defrayed  in  part  by 
the  payment  of  page  charges.  This  article  must  therefore  be 
hereby  marked  advertisement  in  accordance  with  18  U.S.C. 
Section  1734  solely  to  indicate  this  fact. 

We  thank  all  the  girls  who  participated  in  this  study. 


Cancer  Epidemiol  Biomarkers  Prev  2008;17(7).  July  2008 


Cancer  Epidemiology,  Biomarkers  &  Prevention  1713 


References 

1.  Boyd  NF,  Guo  H,  Martin  LJ,  et  al.  Mammographic  density  and  the 
risk  and  detection  of  breast  cancer.  N  Engl  J  Med  2007;356:227-36. 

2.  Boyd  NF,  Jensen  HM,  Cooke  G,  Han  HL,  Lockwood  GA,  Miller  AB. 
Mammographic  densities  and  the  prevalence  and  incidence  of 
histological  types  of  benign  breast  disease.  Reference  Pathologists 
of  the  Canadian  National  Breast  Screening  Study.  Eur  J  Cancer  Prev 
2000;9:15-24. 

3.  Boyd  NE,  Lockwood  GA,  Martin  LJ,  et  al.  Mammographic  densities 
and  breast  cancer  risk.  Breast  Dis  1998;10:113-26. 

4.  Wolfe  JN.  Breast  patterns  as  an  index  of  risk  for  developing  breast 
cancer.  Am  J  Roentgenol  1976;126:1130-9. 

5.  American  College  of  Radiology.  Breast  imaging  reporting  and  data 
system  (BI-RADS).  Reston  (VA):  American  College  of  Radiology; 
1993. 

6.  Wolfe  JN,  Saftlas  AF,  Salane  M.  Mammographic  parenchymal 
patterns  and  quantitative  evaluation  of  mammographic  densities:  a 
case-control  study.  Am  J  Roentgenol  1987;148:1087-92. 

7.  Byng  JW,  Boyd  NF,  Fishell  E,  Jong  RA,  Yaffe  MJ.  The  quantitative 
analysis  of  mammographic  densities.  Phys  Med  Biol  1994;39:1629-38. 

8.  Kopans  DB.  Basic  physics  and  doubts  about  relationship  between 
mammographically  determined  tissue  density  and  breast  cancer  risk. 
Radiology  2008;246:348-53. 

9.  Weaver  CM,  McCabe  LD,  McCabe  GP,  et  al.  Bone  mineral  and 
predictors  of  bone  mass  in  white,  Hispanic,  and  Asian  early  pubertal 
girls.  Calcif  Tissue  Int  2007;81:352-63. 

10.  Laskey  MA.  Dual-energy  X-ray  absorptiometry  and  body  composi¬ 
tion.  Nutrition  1996;12:45-51. 

11.  Shepherd  JA,  Kerlikowske  KM,  Smith-Bindman  R,  Genant  HK, 
Cummings  SR.  Measurement  of  breast  density  with  dual  X-ray 
absorptiometry:  feasibility.  Radiology  2002;223:554-7. 

12.  Shepherd  JA,  Herve  L,  Landau  J,  Fan  B,  Kerlikowske  K,  Cummings 
SR.  Novel  use  of  single  X-ray  absorptiometry  for  measuring  breast 
density.  Technol  Cancer  Res  Treat  2005;4:173  -  82. 

13.  Novotny  R,  Going  S,  Teegarden  D,  et  al.  Hispanic  and  Asian  pubertal 
girls  have  higher  android/gynoid  fat  ratio  than  whites.  Obesity 
(Silver  Spring)  2007;15:1565-70. 

14.  Shepherd  JA,  Herve  L,  Landau  J,  Fan  B,  Kerlikowske  K,  Cummings 
SR.  Clinical  comparison  of  a  novel  breast  DXA  technique  to 
mammographic  density.  Med  Phys  2006;33:1490-8. 


15.  Tanner  JM.  Growth  at  adolescence,  with  a  general  consideration  of 
the  effects  of  hereditary  and  environmental  factors  upon  growth  and 
maturation  from  birth  to  maturity.  2nd  ed.  Oxford:  Blackwell 
Scientific  Publisher;  1962. 

16.  Duke  PM,  Litt  IF,  Gross  RT.  Adolescents'  self-assessment  of  sexual 
maturation.  Pediatrics  1980;66:918-20. 

17.  Gluer  CC,  Blake  G,  Lu  Y,  Blunt  BA,  Jergas  M,  Genant  HK.  Accurate 
assessment  of  precision  errors:  how  to  measure  the  reproducibility  of 
bone  densitometry  techniques.  Osteoporos  Int  1995;5:262-70. 

18.  Shewhart  W.  Statistical  method  from  the  viewpoint  of  qaulity 
control.  Washington  (DC):  Graduate  School  of  the  Department  of 
Agriculture;  1939. 

19.  Irwin  ML,  Aiello  EJ,  McTiernan  A,  et  al.  Physical  activity,  body  mass 
index,  and  mammographic  density  in  postmenopausal  breast  cancer 
survivors.  J  Clin  Oncol  2007;25:1061-6. 

20.  Barlow  WE,  White  E,  Ballard-Barbash  R,  et  al.  Prospective  breast 
cancer  risk  prediction  model  for  women  undergoing  screening 
mammography.  J  Natl  Cancer  Inst  2006;98:1204-14. 

21.  Loughry  CW,  Sheffer  DB,  Price  TE,  et  al.  Breast  volume  measurement 
of  598  women  using  biostereometric  analysis.  Ann  Plast  Surg  1989;22: 
380-5. 

22.  Hussain  Z,  Roberts  N,  Whitehouse  GH,  Garcia-Finana  M,  Percy  D. 
Estimation  of  breast  volume  and  its  variation  during  the  menstrual 
cycle  using  MRI  and  stereology.  Br  J  Radiol  1999;72:236  -45. 

23.  Boyd  NF,  Lockwood  GA,  B5mg  JW,  Little  LE,  Yaffe  MJ,  Tritchler  DL. 
The  relationship  of  anthropometric  measures  to  radiological  features 
of  the  breast  in  premenopausal  women.  Br  J  Cancer  1998;78:1233  -  8. 

24.  Preston  DL,  Mattsson  A,  Holmberg  E,  Shore  R,  Hildreth  NG,  Boice 
JD,  Jr.  Radiation  effects  on  breast  cancer  risk:  a  pooled  analysis  of 
eight  cohorts.  Radiat  Res  2002;158:220-35. 

25.  Santen  RJ,  Boyd  NF,  Chlebowski  RT,  et  al.  Critical  assessment  of 
new  risk  factors  for  breast  cancer:  considerations  for  development 
of  an  improved  risk  prediction  model.  Endocr  Relat  Cancer  2007; 
14:169-87. 

26.  Boston  RC,  Schnall  MD,  Englander  SA,  Landis  JR,  Moate  PJ. 
Estimation  of  the  content  of  fat  and  parenchyma  in  breast  tissue 
using  MRI  T1  histograms  and  phantoms.  Magn  Reson  Imaging  2005; 
23:591-9. 

27.  van  Engeland  S,  Snoeren  PR,  Huisman  H,  Boetes  C,  Karssemeijer  N. 
Volumetric  breast  density  estimation  from  full-field  digital  mammo¬ 
grams.  IEEE  Trans  Med  Imaging  2006;25:273-82. 


Cancer  Epidemiol  Biomarkers  Prev  2008;17(7).  July  2008 


